We investigated the effects of interleukin-6 (IL-6) and cytokine-induced neutrophil chemoattractant-1 (CINC-1) on α 2 -macroglobulin (α2M) production in rats. IL-6-rich and CINC-1-rich fractions were separated from serum obtained from rats 12 h after injection with turpentine oil using gel-chromatography. Sexual dimorphism was observed in the peak levels of α2M after injection of IL-6-, CINC-1-, or a mixture of IL-6-and-CINC-1-rich fractions. No significant differences in α2M levels were observed in males after injection with IL-6-or CINC-1-rich fractions and those injected with normal serum obtained from healthy rats (control). In contrast, serum levels of α2M, 6 to 120 h after injection of a mixture of IL-6-and CINC-1-rich fractions were significantly higher than in control rats. These results suggest that IL-6 and CINC-1 contribute to α2M production in rats only when IL-6 and CINC-1 act synergistically.
Introduction α 2 -Macroglobulin (α2M) is a typical acute phase protein in rats [15, 16, 18, 22, 27] . Various stimulations of the inflammatory response (e.g., injection of turpentine oil, surgical treatment, and inoculation of microorganisms) result in increased α2M production [13, 17, 18] . Serum levels of α2M increase more than one-hundred fold in response to these stimulations [17] . Therefore, α2M is a useful marker of the inflammatory response in rats [17, 22] . Jinbo et al. measured the changes of many cytokines in rats injected with turpentine oil and found that only interleukin-6 (IL-6) and cytokine-induced neutrophil chemoattractant-1 (CINC-1) increase prior to the elevation of α2M serum levels [17] . IL-6 and CINC-1 levels also increase prior to elevation of α 1 -acid glycoprotein levels in rats stimulated by either injection of turpentine oil or inoculation with Staphylococcus aureus [12] . Therefore, IL-6 and CINC-1 are presumed to contribute to the production of acute phase proteins during the inflammatory response. However, the effects of IL-6 and CINC-1 on the production of acute phase proteins -Original-in rats are not fully understood. The aim of the present study was to clarify the effects of IL-6 and CINC-1 on the production of α2M, a typical acute phase protein in rats.
Materials and Methods

Animals
Sixty-two retired Sprague-Dawley (SD) rats (Saitama Experimental Animals Supply, Saitama, Japan) were used to generate acute phase sera. Thirty 6-week-old SD rats were purchased from Charles River, Inc. (Yokohama, Japan). These rats were divided into four groups: 10 rats (5 males and 5 females) for injection with an IL-6-rich fraction, 10 rats (5 males and 5 females) for injection with a CINC-1-rich fraction. Unfortunately, one rat in each group died due to adverse events related to the anesthetic used during blood collection. Six rats (3 males and 3 females) were injected with a mixture of the IL-6-and CINC-1-rich fractions, and 4 male rats (controls) were injected with serum obtained from healthy rats.
All experiments were approved by the Institutional Review Board of Azabu University and were conducted in accordance with the institute's Animal Experimentation guidelines (Japanese Association for Laboratory Animal Science, JALAS, 1987).
Sera
Acute phase sera were obtained from the retired rats injected intramuscularly with 0.5 ml of turpentine oil (Wako Pure Chemical Industries, Ltd., Osaka, Japan). Twelve hours after injection with turpentine oil, the retired rats were anesthetized with pentobarbital and sacrificed, and their blood was collected from the aorta abdominalis. Acute phase serum was separated by centrifugation (1,600 × g, 15 min) of the blood. 
Animal experiments design
IL-6-or CINC-1-rich fractions were concentrated and adjusted to final concentrations of 200 pg/ml for IL-6 and 2,000 pg/ml for CINC-1. These concentrated solutions were sterilized by filtration before being used for injection into animals. Rats were injected intravenously with 1 ml of the IL-6-rich, CINC-1-rich fraction, or a mixture of IL-6-and CINC-1-rich fractions. As a control, 1 ml of serum obtained from healthy rats was injected intravenously. Blood (0.3 ml) was collected from the venae cervicalis superficialis at pre-treatment and at 3, 6, 9, 12, 24, 48, 72, 96, and 120 h after the injection. Serum was collected from the blood by centrifugation at 1,600 × g for 15 min. Serum was stored at -80°C until analysis.
Measurement of α2M
Preparation of rabbit anti-rat α2M antibody: Acute phase sera were collected from rats injected with 0.5 ml/ rat turpentine oil (Wako Pure Chemical Industries, Ltd.). These rats were sacrificed 48 h after injection under anesthesia and blood was collected. Serum was obtained by centrifugation (1,600 × g, 15 min). The α2M fraction of the sera was separated by affinity chromatography using a column packed with Sepharose 4B (GE Healthcare UK Ltd.) and conjugated monoclonal anti-α2M rat antibody. This α2M fraction was used as an antigen for immunization. A Japanese white rabbit was immunized subcutaneously with 1 ml of a rat α2M emulsion prepared with Freund's complete adjuvant (Difco Laboratories, Detroit, MI, USA) at the first immunization. This rabbit was subsequently immunized subcutaneously 12 times with rat α2M solution alone. The rabbits were sacrificed under anesthetic with pentobarbital and blood was collected from the carotid arteries using a catheter. Antiserum was obtained by centrifugation at 1,600 × g for 15 min and stored at -80°C until needed. IgG antibody from this antiserum was purified by affinity chromatography on a Protein G column (GE Healthcare UK Ltd.). This rabbit IgG anti-rat α2M antibody was used in the enzyme-linked immunosorbent assay (ELISA).
Preparation of horse-radish peroxidase conjugated antibody: The rabbit anti-rat α2M IgG antibodies were conjugated to horse-radish peroxidase (Wako Pure Chemical Industries, Ltd.) according to method of Nakane and Kawoi [21] .
Procedure of ELISA: Rabbit anti-rat α2M antibody was adsorbed to microtiter wells by incubating 100 µl of antibody in 0.05 M sodium bicarbonate buffer (pH 9.6) per well at room temperature for 1 h. After blocking with 200 µl/well of 1% bovine serum albumin in sodium bicarbonate buffer (pH 9.6), ELISA plates were incubated at 37°C for 1 h and rinsed with phosphate-buffered saline (PBS, pH 7.2) containing 0.1% polyoxyethylene (20) sorbitan monolaurate (Wako Pure Chemical Industries, Ltd.). Standard sera with a known α2M concentration or sample sera were then added at 100 µl/well. Plates were incubated at 37°C for 1 h, then rinsed as described previously. Mouse anti-rat α2M monoclonal antibodies were added at 100 µl/well. After incubation for 1 h and rinsing as described previously, peroxidaseconjugated rabbit anti-rat α2M antibodies were added at 100 µl/well and the plates were rinsed as described previously. Substrate [1% 2,2-azino-di-(3-ethyl-benzthiazoline sulphonic acid-6) (ABTS)], was added at 100 µl/well (Zymed Laboratories, South San Francisco, CA, USA), and absorbance at 415 nm was measured using a microplate reader (Corona Electric Co., Ltd., Ibaraki, Japan).
Measurement of IL-6 and CINC-1
Serum levels of IL-6 and CINC-1 were measured by ELISA using commercial kits. Commercial ELISA kits were purchased from BioSource International, Inc. (Camarillo, CA, USA) for IL-6 and from Panapharm Laboratories Co., Ltd. (Kumamoto, Japan) for CINC-1.
Statistic analysis
All values are expressed as means ± SD. The peak serum levels of α2M were compared between male and female rats using an unpaired Student's t-test. Statistical significance was tested between control and cytokinerich fraction groups by the two-tailed multiple t-test with a Bonferroni correction following ANOVA. P values of <0.05 were considered to be statistically significant.
Results
The peak levels of α2M in male and female rats are shown in Table 1 . Significant differences between males and females after injection of the IL-6-rich fraction or the mixture of the IL-6-and CINC-1-rich fractions were observed. Changes in serum α2M levels in male rats after the injection of serum obtained from healthy rats (control), IL-6-and CINC-1-rich fractions, and a mixture of the IL-6-and CINC-1-rich fractions are shown in Fig.  1 . The serum levels, 6 to 120 h after the injection of a mixture of the IL-6-and CINC-1-rich fractions, were significantly higher than in control rats. The peak serum levels of α2M in rats injected with the control, IL-6-rich fraction, CINC-1 rich fraction, or a mixture of IL-6-and CINC-1 rich fractions are shown in Table 2 . A significant difference in peak serum levels was observed between rats in the control group and those injected with a mixture of the IL-6-and CINC-1-rich fractions.
Discussion
Jinbo et al. investigated the serum levels of 7 cytokines, IL-1, IL-2, IL-4, IL-6, CINC-1, IL-10, and interferon-γ in rats injected with turpentine oil [18] . Only IL-6 and CINC-1 increased prior to increases in α2M levels. In contrast, the levels of the other cytokines, IL-1, IL-2, IL-4, IL-10, and interferon-γ, did not change [18] . Furthermore, the production of α2M decreased in rats injected with turpentine oil repeatedly, and the pro- 506.9* ± 47.9
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a) The peak levels of α2M in each rat after injection of an IL-6-rich fraction.
b) The peak levels of α2M in each rat after injection of a CINC-1-rich fraction.
c) The peak levels of α2M in each rat after injection a mixture of IL-6-and CINC-1-rich fractions. All values are expressed as means ± SD. The peak serum levels of α2M were compared between male and female rats using an unpaired Student's t-test. *: considered to be statistically significant (P<0.05).
duction of IL-6 and CINC-1 also decreased in these rats [13] . Consequently, IL-6 and CINC-1 were presumed to contribute to the production of α2M during an inflammatory response.
Significance differences between males and females in peak levels of α2M after injection of the IL-6-rich fraction or the mixture of the IL-6-and CINC-1-rich fractions were observed. The Cmax of α2M in males were higher than in females. Inoue et al. reported that the levels of α2M in sera from normal rats were not different between males and females [15] . However, the α2M levels in female rats were lower than the levels in male rats injured by the administration of sex steroids [1, 11] . Our results were consistent with these reports. The reason why serum levels in female rats after injection of IL-6 or a mixture of IL-6-and CINC-1-rich fractions were higher than those in males could not be determined from our data. Further studies are necessary to understand this apparent sexual dimorphism.
In this study, the changes in serum α2M levels after injection of serum obtained from healthy rats as a control was investigated only in male rats. The changes in serum α2M levels were compared between control rats and those after injection of an IL-6-rich fraction, a CINC-1-rich fraction, or a mixture of the IL-6-and CINC-1-rich fractions in male rats due to the sexual dimorphism of serum levels of α2M. No significant differences were observed between control rats and those injected with the IL-6-rich fraction or the CINC-1-rich fraction. In contrast, the α2M serum levels 6 h after injection of a mixture of IL-6 and CINC-1 rich fractions were higher than those in control rats. IL-6 and IL-8 are known to regulate the synthesis of acute phase proteins in humans [2-9, 19, 24, 28, 29] . Specifically, it was reported that expression of the α2M gene was regulated by IL-6 [10, 14, 20] . IL-8 has not been isolated from rats, and CINC-1 is considered to be the rat counterpart of human IL-8 [25, 26] . IL-8 was confirmed to mediate the production of acute-phase proteins in isolated human hepatocytes [28] . The serum levels of α2M after injection of the IL-6-or CINC-1-rich fractions increased; however, no significant differences were observed when compared with controls. Furthermore, the mean concentrations of IL-6 and CINC-1 in sera of normal rats are reported to be 73 pg/ml (ranging from 22 to 172 pg/ml) and 313 pg/ ml (ranging from 105 to 756 pg/ml), respectively [18] . IL-6 and CINC-1 were present in the normal serum injected to rats in this study at 11.2 and 121.1 pg/ml, respectively. The α2M levels in rats injected with normal 512.5* ± 38.3
a) The peak levels of α2M in each rat after injection of serum obtained from healthy rats.
b) The peak levels of α2M in each rat after injection of an IL-6-rich fraction. c) The peak levels of α2M in each rat after injection of a CINC-1-rich fraction.
d) The peak levels of α2M in each rat after injection a mixture of IL-6-and CINC-1-rich fractions. All values are expressed as means ± SD. Statistical significance between control and cytokinerich fraction groups by the two-tailed multiple t-test with a Bonferroni correction following ANOVA. Pvalues of <0.05 were considered to be statistically significant. serum changed after injection of normal serum containing small amounts of IL-6 and CINC-1. The fact that significant differences were not observed between control animals and IL-6-or CINC-1-treated animals may be due to IL-6 and CINC-1 being present in normal sera. Significant differences in α2M levels were observed between control animals and those treated with a mixture of IL-6 and CINC-1. These results suggest that IL-6 and CINC-1 contributed to the increase in production of α2M, and this increase may result from the synergistic effects of IL-6 and CINC-1.
In summary, our data suggest that IL-6 and CINC-1 contribute to the production of α2M in rats. However, further studies that estimate serum levels of α2M in rats injected with purified cytokines or antibody against IL-6 and CINC-1 can further clarify the effect of these cytokines on the production of α2M.
